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WEIGH ON THE FLY 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of 
co-pending U.S. application Ser. No. 11/855130 ?led Sep. 13, 
2007, incorporated herein by this reference. This case also 
claims priority from pending U.S. Provisional Application 
No. 61/101,995 ?led Oct. 1, 2008 and incorporated herein in 
its entirety by this reference [attorney docket 29094-0060]. 

TECHNICAL FIELD 

[0002] This inventionpertains to methods and apparatus for 
accurately determining mass-related properties of an article, 
such as Weight or moment of inertia, and more speci?cally it 
pertains to Weighing articles that are in motion. In the case of 
mail pieces, another feature is ensuring that proper postage is 
paid. 

BACKGROUND OF THE INVENTION 

[0003] Many Weighing systems are knoWn, some dating 
back to biblical times. More recently, Weighing systems have 
been developed for Weighing each one of a stream of articles, 
such as mail pieces or parcels moving through a transport or 
mail sorting system. Prior art systems of that type are shoWn, 
for example, in Us. Pat. Nos. 7,096,152 and 3,648,839. 
[0004] Some knoWn systems rely on back-EMF or “Electro 
Magnetic Force Restoration” principles. According to one 
vendor, “an applied load is compensated for by an electro 
magnetically produced counterforce. A precision position 
control (optical) keeps the system stable. The slightest move 
ment is detected, initiates a feedback circuit to run current 
through a coil and causes the load to be returned to its original 
position. The coil current, Which is proportional to the Weight, 
is transmitted to an internal A/ D converter then processed in 
the microprocessor.” 
[0005] The need remains for improvements in accuracy, 
speed (throughput), reduced cost, and reducing the need for 
frequent re-calibration of Weighing systems. The present 
application achieves these and other goals by applying a 
dramatically different approach to the problem as further 
explained beloW. 
[0006] Postal services typically charge for delivery of mail 
pieces by their Weight, among other criteria. In general, the 
heavier the mail piece, the more is charged. Bulk mailers, Who 
may mail thousands of pieces at a time, sometimes intermix 
heavier mail pieces With lighter ones, and put the postage 
appropriate for the lighter pieces on every piece. This can 
occur, for example, When a bank mails out its customer state 
ments. Most statements contain a feW sheets and easily ?t 
under the one ounce cut-off, but some of them contain many 
sheets and are overWeight. Very often the banks do not put 
proper postage on the heavier pieces. 
[0007] Audits, sometimes run by manually Weighing sus 
pect mail pieces, indicate that the US Postal Service loses 
many millions of dollars each year because of this practice. 
Because current methods of Weighing mail pieces are either 
too sloW for existing sorting machines or require individual or 
a set of mail pieces to be Weighed manually, postal services 
have not devised methods for ensuring proper postage on 
each mail piece. It is important to remember that postage 
applies to each mail piece, not to the average Weight Within a 
set of mail pieces. As a result, a set of mail pieces Whose 
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average Weight is under the limit may still contain many mail 
pieces that are individually too heavy and require greater 
postage. 

SUMMARY OF THE INVENTION 

[0008] In one aspect, the present disclosure is directed to 
determining mass-related properties of articles “on the ?y,” 
i.e., as they move through a transport mechanism, by measur 
ing an applied impulse required to move the article from one 
state to another. For example, an impulse can be applied to 
accelerate an article from a ?rst velocity to a second (greater) 
velocity. That “impulse” can be applied through various elec 
tromechanical contrivances such as a motor. The magnitude 
of the impulse can be measured in various Ways. In one 
embodiment, an impulse is measured indirectly by monitor 
ing the torque applied through a servo motor to accelerate the 
article. In the detailed description beloW, We discuss mainly 
“Weighing” of articles, but other embodiments and applica 
tions Within the scope of the present disclosure can be 
arranged to measure mass-related article properties such as 
moment of inertia as Well. Further, much of What folloWs 
discusses a straight-line movement of the article, but a rota 
tional or other system of movement is also Within the purvieW 
of the present disclosure. 
[0009] In one class of embodiments, an article Whose mass 
related property is to be measured is presented, for example 
by entering a “Weighing station” via a transport mechanism 
such as a belt transport. Details of such transport mechanisms 
are Well knoWn in various contexts, including mail sorting 
machines. In alternative embodiments, the Weighing appara 
tus might be used separately, for example in a machine 
arranged to apply the correct postage to a mail piece. In still 
other applications, the Weighing apparatus may be used to 
provide rapid, accurate Weighing of articles or materials, such 
as chemicals, pharmaceuticals or other substances unrelated 
to postal services. The concept of the present invention is 
applicable over a Wide spectrum of applications. 
[0010] In general, a Weighing apparatus in accordance With 
the present disclosure receives an article that has a measured 
or otherWise knoWn initial state of movement (or rest). There 
is also a predetermined or “commanded” ?nal state of move 
ment (or rest) of the article. And ?nally, a mechanism is 
provided that applies an impulse to move the obj ect from its 
initial state to the commanded ?nal state. (The term “mecha 
nism” is used in this application in a broad sense. It is not 
limited to purely mechanical contrivances; to the contrary, it 
refers to any and all mechanical, electrical, optical, electro 
mechanical systems, softWare controlled systems, and com 
binations thereof that provide the described functionality.) 
[0011] The impulse-applying mechanism must include or 
be coupled to some means of measuring or capturing infor 
mation as a proxy for the actual impulse. In other Words, the 
impulse typically is measured indirectly. For example, a 
curve of the torque that applies the impulse through a motor 
can be used to infer su?icient information about the applied 
impulse. The measured proxy is then calibrated by articles of 
knoWn mass-related properties and the calibrated values are 
used to determine the article’s mass-related properties. The 
use of calibration is an important part of the system because it 
alloWs considerable simpli?cation to take place. As explained 
beloW, in a preferred embodiment, this approach obviates the 
need for actual or absolute measurements such as article 
velocity. Indeed, velocity is not critical and need not be mea 
sured in absolute terms. One primary improvement of the 
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present invention over prior art is that it allows Weighing of 
articles at normal transport speeds; for example, hundreds of 
inches per second for mail pieces. 
[0012] Another aspect of the present invention comprises a 
system for measuring the Weight of each mail piece in a 
stream of mail pieces, determining the proper postage for that 
mail piece, determining the amount of postage paid by the 
mailer, and segregating out mail pieces With improper post 
age. The proper amount of postage may be based on the mail 
piece’s Weight, siZe, thickness, mailing point, delivery point, 
or other property, alone or in combination. Another aspect of 
the invention comprises a method for ensuring that proper 
postage has been paid for each mail piece. 
[0013] Additional aspects and advantages of this invention 
Will be apparent from the folloWing detailed description of 
preferred embodiments, Which proceeds With reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a simpli?ed electrical schematic diagram 
illustrating one embodiment of a system for Weighing articles 
on the ?y. 
[0015] FIG. 2 is a mechanical draWing in top vieW of an 
article transport apparatus including a Weigh station in accor 
dance With one embodiment of the present invention. 
[0016] FIG. 3 is a mechanical draWing in top vieW shoWing 
greater detail of the Weigh station of FIG. 2. 
[0017] FIG. 4A comprises top vieW and cross-sectional 
vieWs of an adjustable pinch roller assembly for use in the 
transport apparatus of FIG. 2. 
[0018] FIG. 4B is a cross-sectional side vieW of a pivot 
roller assembly of a type useful in the Weigh station of FIG. 2. 
[0019] FIG. 4C is a side vieW ofa pancake motor mounting 
in the article transport apparatus of FIG. 2. 
[0020] FIGS. 5-6 are mechanical draWings in top vieW 
illustrating a procedure for replacing a pancake motor With a 
precision servo motor in the assembly of FIG. 2. 
[0021] FIG. 7 is a side vieW illustrating a precision servo 
motor installed beloW a transport deck of a transport assembly 
With a sleeved hub installed for engaging an article moving 
through the transport assembly. 
[0022] FIGS. 8A and 8B are oscilloscope traces of servo 
motor torque measurements taken in a development proto 
type Weighing system in accordance With one aspect of the 
present invention. 
[0023] FIG. 9A is a top plan vieW ofa transport assembly of 
a second embodiment of an in-line Weighing apparatus in a 
non-Weighing state. 
[0024] FIG. 9B is a top plan vieW ofthe transport assembly 
of FIG. 9A in a Weighing state. 
[0025] FIG. 10A is an exploded, perspective vieW of the 
transport assembly of FIG. 9A. 
[0026] FIG. 10B is an assembled, perspective vieW of the 
transport assembly of FIG. 9A. 
[0027] FIG. 11A is a top plan vieW ofa transport assembly 
of a third embodiment of an in-line Weighing apparatus in a 
non-Weighing state. 
[0028] FIG. 11B is a top plan vieW the a transport assembly 
of FIG. 11A in a Weighing state. 
[0029] FIG. 11C is an exploded, perspective vieW of the 
transport assembly of FIG. 11A. 
[0030] FIG. 11D is an assembled, perspective vieW of the 
transport assembly of FIG. 11A. 
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[0031] FIG. 12 is a simpli?ed electronic system diagram of 
a dual-servo controlled in-line Weighing apparatus in the 
context of a mail sorting system. 
[0032] FIG. 13 is a side vieW of an embodiment ofa dual 
servo in-line Weighing apparatus. 
[0033] FIG. 14 is a top plan vieW the Weighing apparatus of 
FIG. 13. 
[0034] FIG. 15 is an enlarged top vieW taken along line 
15-15 of FIG. 13 shoWing drive linkage detail of the Weighing 
assembly of the Weighing apparatus of FIG. 13. 
[0035] FIG. 16 is a perspective vieW of the Weighing assem 
bly With the deck shoWn in phantom. 
[0036] FIG. 17 is a perspective vieW of a tension arm stand 
ing alone. 
[0037] FIG. 18 shoWs sample measurement Waveforms to 
illustrate an example of Weighing “on the ?y” at a typical bar 
code sorter system transport belt speed. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0038] Turning noW to FIG. 1, a simpli?ed electrical sche 
matic diagram is shoWn illustrating one embodiment of a 
system for Weighing articles on the ?y. In FIG. 1, a servo 
motor 110 is driven by a variable poWer supply 120 Which is 
coupled to a poWer source 122. In operation, current ?oWs 
through the motor to ground 124. A speed sensor (not shoWn) 
is coupled to the motor 110 to provide a speed feedback signal 
126. Various sensors can be used such as shaft encoders, 
optical sensors, etc. to accurately monitor speed or rotation of 
the motor 110. The speed feedback signal is provided to an 
error ampli?er 128, such as an op-amp, Which compares the 
current speed to a predetermined input speed setting 130. An 
error signal 132 related to the difference betWeen the tWo 
inputs is input to the poWer supply 120 to control the motor 
current through 110 so as to maintain the motor speed at the 
speed setting 130 in the steady state. A change in the load on 
the motor, hoWever, Will result in a transient in the motor 
torque indicative of that change in loading. That transient 
torque level may be captured as a proxy indicative of an 
impulse applied to the article. 
[0039] Still referring to FIG. 1, the motor torque is moni 
tored and a motor torque signal 140 related to the monitored 
torque level, for example a digital stream of samples, is input 
to a processor 142. This is not necessarily a stand-alone 
processor, but it may be any programmable digital processor, 
or a softWare component arranged to implement the described 
functionality on a dedicated processor or as part of a larger 
system. Article sensors 144, for example optical sensors 
(photodiodes, etc.), detect When each article of interest enters 
and leaves the Weigh station, as further explained beloW With 
reference to other ?gures. A calibration data store 148 stores 
calibration data, Which can include steady-state or “no load” 
measurements, taken When no article is present, as Well as 
data taken from measurement of articles having knoWn mass. 
This data is used by the processor 142 to determine the article 
Weight, and the result is output, for example displayed, 
printed, or stored in digital ?le, as indicated at 150 in the 
draWing. 
[0040] FIG. 2 is a mechanical draWing in top vieW of a 
belt-driven article transport apparatus. In operation, articles 
move from right to left in the draWing, from a ?rst transport 
section, into a second transport section (Where a Weigh station 
Will be implemented as described beloW), and thence to a 
third or output transport section on the left. FIG. 3 is a 
























